Background
Tuberculosis (TB) is a major public health threat in the developing world [1] . It is clear that the current TB control strategy has reduced the TB incidence [1, 2] . However, there are more TB cases today than at any other time in history [3] . This is because of the emergence of multidrugresistant (MDR) TB strains, human immunodeficiency virus (HIV) epidemic [3] and other risk factors such as smoking, diabetes mellitus (DM), malnutrition, alcohol abuse, indoor air pollution, malignancies and an aging population [4] . DM has recently shown an alarming increase worldwide and there is growing evidence indicating that DM affects TB disease presentation and treatment outcome [5, 6] . A number of studies showed higher frequencies of certain clinical findings such as lower lung field lesions, cavities and acid-fast bacilli (AFB) smear positivity among patients with TB and DM (TBDM) comorbidity [7] [8] [9] [10] . Adverse effects of DM on TB treatment outcomes, i.e. increased risk of death, treatment failure, default and relapse were reported in many studies [11, 12] . Few studies reported small or no difference in clinical presentations and treatment outcomes between TBDM and TB without DM (TBNDM) patient groups [13, 14] .
Sub-Saharan African countries which are the epicenter for TB and HIV infection are currently affected by the growing burden of DM. The interaction of these diseases is conspiring to increase the negative impacts of all three conditions in sub-Saharan Africa more than any other region [15] . Ethiopia is one of the high TB burden countries in sub-Saharan Africa. According to the World Health Organization (WHO) report, the country has currently achieved the 2015 Millennium Development Goal (MDG) targets of reducing cases and deaths from TB [16] . However, the growing challenges of MDR-TB and TB/HIV coinfection are affecting the TB control efforts [16, 17] . Recent studies in Ethiopia reported that DM is contributing to increased TB burden. Few studies conducted in the Amhara Region of Ethiopia showed high prevalence of DM among TB patients [18, 19] . Nonetheless, no study to date has investigated the association of DM with clinical presentations and treatment outcomes of TB in the region. Thus, this study was conducted to explore the role of DM on clinical presentations and treatment outcomes of newly diagnosed TB patients.
Methods

Study area and setting
The study was conducted in South-Eastern part of Amhara Region, Ethiopia. South-Eastern Amhara Region consists of four zones and one City Administration, namely, North Wollo, South Wollo, North Shewa, Oromia Special Zone and Dessie City Administration. The total population is estimated at 7,358,301, and of these were 3,684,735 men and 3,673,566 women [20] .
Study design and population
A prospective cohort study was conducted in 44 randomly selected health facilities (HFs) in the study area. The study population included all newly diagnosed TB patients aged 15 years and above who were consecutively registered for treatment at the directly observed treatment short course (DOTS) units. The study was conducted from September 2013 till March 2015. Study subjects were categorized into TBDM and TBNDM patient groups. Each patient group was followed from enrollment until completion of anti-TB treatment.
Sampling method and sample size
Random sampling technique was applied to select study sites. There were a total of 420 HFs (326 (78 %) government and 94 (22 %) private HFs) in the study area, of these, only 102 (31 %) government and 20 (21 %) private HFs were eligible to provide TB, HIV and DM diagnostic and treatment services. Among the 20 private HFs, only 5 (25 %) provided TB, HIV and DM services in a continuous manner. Fifteen (75 %) of the private HFs encountered frequent TB service interruption for various reasons and were excluded from the study. Finally, out of the 102 (31 %) government HFs eligible for the study, 39 (38 %) HFs were randomly selected. By adding the five private HFs that were continuously providing TB, HIV and DM services in the study area, a total of 44 HFs were selected as study sites.
Sample size was calculated using the standard formula for estimating single population proportion,
We considered 95 % confidence interval (CI) and a margin error of 3 %. As there were no previous similar studies in the study area, we also assumed that 50 % of the TB patients would have difference in clinical presentations and treatment outcomes. Based on these assumptions, the minimum sample size required for the study was estimated at 1067. By adding 10 % for nonresponse, the total sample size was calculated to be 1174 patients. However, we included all of the 1335 patients that reported to the study sites during the study period. This amounted to 113 % of the minimum sample size required for the study.
Inclusion and exclusion criteria
Newly diagnosed TB patients aged 15 years and above, known DM patients who were newly diagnosed for TB, newly diagnosed TB patients who at the initiation of TB treatment were negative for DM investigation but developed DM during the course of ant-TB treatment, transferred-in TB patients who had never started treatment in the transferring out HFs, and newly diagnosed TB patients who started and completed their treatment in the selected study sites and satellite health posts were included in the study, whereas TB patients less than 15 years of age, retreatment cases, patients who could not offer informed consent, known or suspected MDR-TB cases, patients with malignancy and patients who were on immunosuppressive therapy were excluded from the study.
TB diagnosis, disease classification, treatment protocol and treatment outcome evaluations were defined according to the national and WHO guideline [17, 21] . DM was diagnosed by performing screening tests at least two times by random blood glucose (RBS) and/or fasting blood glucose (FBS) tests in accordance with the WHO diagnostic criteria [22] . In addition, self-reporting of DM was used to document previous history of DM. ZiehlNeelsen staining technique was applied for the detection of AFB by microscopy. All patient groups were treated based on standardized anti-TB treatment regimen regardless of their DM status [17, 21] . Study participants were prospectively followed for 6 months until treatment outcomes were evaluated.
Patients' responses to treatment were assessed by clinical assessment of sign and symptoms, body weight measurement and follow-up of sputum smear examination results at the end of 2 nd , 5 th and 6 th months of anti-TB treatment period. If patient's sputum was positive for AFB at the end of the 2 nd month of treatment, sputum smear examination was repeated after 1 month. When a patient remained positive at the end of the 3 rd month of treatment, sputum was taken for culture and drug susceptibility testing. Treatment outcomes were classified as cured, treatment completed, death, treatment failure and defaulter [17, 21] . In this analysis, cure and treatment completed were categorized as successful treatment outcomes, whereas death, treatment failure and defaulter were considered as unsuccessful treatment outcomes. Provider initiated counseling and testing (PICT) service was provided to screen patients for HIV.
Operational definitions of variables
Uneducated: study participants who had no formal schooling.
Educated: study participants who attained formal schooling.
Good adherence to anti-TB treatment: patients who took ≥95 % of the prescribed anti-TB regimens.
Good adherence to DM therapy: the extent to which a DM patient practices health worker's advices (i.e. advises about taking medications, diet, physical activity and attending follow-up visits in DOTS units) which corresponds to implementing 100 % of the recommendations from a health care provider.
Data collection and quality control
Health workers who were responsible for TB patient care at DOTS units, laboratory technologists, and clinicians responsible for diagnosis, treatment as well as follow-up of TB and DM patients were trained and assigned as data collectors at each study site. Socio-demographic and clinical characteristics of participants were collected using pre-tested semi-structured questionnaire. Clinical and bacteriological characteristics of participants were documented at baseline and during follow-up periods. Data quality was assured by trained supervisors and the principal investigator who regularly checked for data completeness.
Blood glucose measurement and weight scale were calibrated before measuring patient's blood glucose level and body weight. AFB results were checked by internal and external quality control methods. (Table 5) .
Ethical approval
Treatment outcome
At the end of 6 th months anti-TB treatment period, 1135 (94.2 %) TBNDM and 93 (85.3 %) TBDM patients had successful treatment outcomes. The proportion of death 15 (13.8 %) observed in the TBDM patient group was higher compared to 42 (3.5 %) deaths seen in the TBNDM patient category (p < 0.001) (Fig. 2) . Only one case of failure to treatment was observed in the TBDM group. A total of 1187 (98.5 %) patients in the TBNDM and 109 (100 %) participants in the TBDM patient group had good (Table 7) .
Discussion
In this study, we found no significant difference in clinical manifestations between TBDM and TBNDM patient groups except at the 2 nd month of treatment where patients in the TBDM group were more symptomatic compared to their counterparts. The overall successful treatment outcomes observed in both patient groups were good and exceeded the WHO target of achieving 85 % treatment success rate [23] . This may demonstrate an effective TB control program performance in the study area. It may also be an indication of active commitment of patients to their TB treatment. In addition, the result shows that the standard TB treatment regimen can be used for managing patients with TBDM comorbidity [13, 14] .
There was a significant difference in treatment outcome between TBDM and TBNDM patient groups. Patients in the TBDM group were four times more likely to die compared to patients in the TBNDM category. This may be associated with poor glycemic control and impaired cell mediated immunity in TBDM patients [24] [25] [26] [27] . The finding is in line with results of previous studies reported from Portugal [9] , Maryland [11] , Taiwan [24] and Malaysia [28] . On the other hand, studies conducted in Thailand and Fiji indicated that the rate of death was similar in both TBDM and TBNDM patient groups [14, 29] . The untoward effect of DM may have serious implications in meeting the 2035 target of achieving 95 % reduction in TB mortality as set by WHO [30] . Hence, our finding suggests a need for DM screening in TB patients. Screening TB patients for DM expedites early detection and treatment of patients with TBDM comorbidity. It may also enhance optimal glycemic control as part of the TBDM patient management [11, 14, 31, 32] .
TB/HIV coinfected patients were more likely to die compared to HIV negative TB patients. HIV infection is a known risk factor for poor TB treatment outcome [33] . This finding suggests that there is a need to strengthen the existing TB/HIV collaborative activities in the study area.
At base line, TBDM and TBNDM patient groups did not show significant difference in clinical symptoms. The result is in agreement with the findings of several other studies done in Saudi Arabia [13] , Thailand [14] , Turkey [34] , Tehran-Iran [35] and Tanzania [36] , but is in contrast to the studies conducted in Texas-Mexico, Indonesia and Taiwan where TBDM patients at baseline were more symptomatic than their counterparts [7, 24, 32] . The reason for insignificant differences in the observed symptoms between the two patient groups in our study might be related to early health seeking and start of treatment among patients. Weight loss, poor appetite and fatigue were the most frequent clinical manifestations seen at baseline in TBDM patients. This may indicate that symptoms of one disease resembles the other [1, 10, 25] , and suggests the need for a high index of suspicion for TB and DM using bibidirectional screening approach for both diseases [31] .
A high proportion of patients in the TBDM and TBNDM patient groups at baseline had a BMI value of <18.5 kg/m 2 . Evidence shows that there is a bidirectional causal link between undernutrition and active TB. Undernutrition in TB patient's results in severe illness [37] . Undernutrition may also be a manifestation of poor glycemic control in diabetic TB patients [26] . Malnutrition stimulates the production of stress hormone which causes increased blood glucose level in TBDM patients [9] . Therefore, nutritional support and proper counseling is essential for patients with TBDM comorbidity [37] .
During the course of anti-TB treatment, there was a significant increase in BMI among patients in the TBDM group compared to patients in the TBNDM category. This finding may be related to good recovery of TB illness among TBDM patients and signals the importance of adjusting drug dose based on patient's weight [21] . Participants in the TBDM category were more symptomatic at the end of the intensive phase treatment period compared to patients in the TBNDM group. This finding is different from a previous observation, where symptomatic improvements were seen in both groups of patients at the 2 nd month of anti-TB treatment period [32] . The result may indicate delay in treatment response in TBDM patients and this in turn may be linked to poor glycemic control and lower concentrations of anti-TB drugs in plasma [24, 25, 38] . Close monitoring of blood glucose and clinical conditions of TBDM patients during the treatment period is crucial.
Both TBDM and TBNDM patient groups had better clinical improvements at 5 th and 6 th months of anti-TB chemotherapy compared to the baseline and 2 nd month of treatment. A similar finding was reported from Indonesia [32] . The result may indicate the effectiveness of the current anti-TB treatment regimen to manage patients with TBDM comorbidity.
Sputum smear conversions at the end of 2 nd , 5 th and 6 th months of anti-TB treatment period were higher in both TBDM and TBNDM patient groups. The sputum conversion result at 2 nd month is consistent with the studies done in Maryland [11] , Thailand [14] and Fiji [29] , but is different from the findings of studies conducted in Texas-Mexico [7] , Taiwan [8] , Maharashtra-India [10] , Saudi Arabia [13] , Taiwan [24] and Turkey [34] where sputum conversion among TBDM patient groups were lower. The good sputum smear conversions observed in both patient groups in our study may be related to good treatment adherence among patients. Poor adherence to anti-TB treatment is associated with sub-therapeutic levels of anti-TB drugs and often results in treatment failure. In addition, poor adherence to treatment is a driving force for the emergence and spread of drug-resistant TB [39, 40] . In this study, no defaulter and only one treatment failure case was observed in the TBDM patient group compared to a relatively higher number of defaulters and treatment failure cases observed in TBNDM patient category. Studies conducted in Taiwan, Maryland, Thailand and Indonesia [8, 11, 14, 32] showed that the risk of treatment failure was higher in TBDM patients than patients in the TBNDM category. The absence of defaulters in the TBDM patient group is different from the study done in Thailand [14] . High default rate is a challenge for successful TB control program performance. It is associated with poor access to HFs, adverse drug reactions, social stigma and lack of awareness about the consequences of TB disease [41] . Several reasons including the effective TB control program implementation in the study area, and good treatment adherence among patients may have contributed to the low number of treatment failure and defaulter cases observed in both patient groups.
This study has several strengths. To the best of our knowledge, this is one of the very few studies conducted in Africa and may be used as a baseline for future larger studies. The study was conducted at all levels of government and private HFs. A large number of study participants selected from urban and rural areas were enrolled in the study. All these minimize selection bias. In addition, the study employed cohort study design. Patients were prospectively followed, clinical characteristics and treatment outcomes were properly documented and findings were compared in both TBDM and TBNDM patient groups. Moreover, information bias due to patient transfer out and lost to follow-up were very well controlled by setting proper inclusion criteria and conducting strict patient follow-up during the entire treatment period.
The study has potential limitations. Due to lack of advanced laboratory facilities for performing all of the necessary laboratory investigations for screening and patient follow-up, comparison of findings between TBDM and TBNDM patient groups were based on routine biochemical and microscopic test results. There was poor blood glucose level follow-up in TBDM patients. Hence, it was not possible to assess the role of blood glucose level on clinical manifestations and mortality among patients with TBDM comorbidity.
Conclusion
The study showed that DM is associated with increased mortality during TB treatment. The result also demonstrated that there is no difference in clinical presentations and bacteriological findings in both TBDM and TBNDM patient groups at baseline and during anti-TB treatment follow-up period. However, at the 2 nd month of treatment, TBDM patients were more symptomatic compared to patients in the TBNDM group. In order to expedite early diagnosis and treatment of patients with TBDM comorbidity, we recommend routine screening of DM in TB patients in the study area.
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